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PREFACE 
T h i s  p a p e r  was o r i g i n a l l y  w r i t t e n  a s  a  background p a p e r  
f o r  t h e  IIASA Food and A g r i c u l t u r e  Program (FAP) Task F o r c e  
Meet ing  o f  29 J a n u a r y  t h r o u g h  1 F e b r u a r y ,  1980 .  The Task- 
f o r c e  was d e v o t e d  t o  e x p l o r i n q  o p t i o n s  f o r  FAP Task 2 ,  a  
r e s e a r c h  t a s k  o r i e n t e d  toward  s y s t e m s  a n a l y s i s  o f  r e s o u r c e s ,  
t e c h n o l o g y ,  and e n v i r o n m e n t  w i t h i n  a g r i c u l t u r a l  s y s t e m s .  
The p a p e r ' s  o r i g i n a l  p u r p o s e  was t o  expand t h e  number 
o f  o p t i o n s  a v a i l a b l e  t o  FAP Task 2. B a s i c a l l y  i t  i s  a  
s t a t e m e n t  o f  how I ,  g i v e n  my mixed t r a i n i n g  i n  human e c o l -  
ogy ,  a g r i c u l t u r a l  e c o n o m i c s ,  and s y s t e m  d y n a m i c s ,  would 
p r o c e e d  i f  I were r e s p o n s i b l e  f o r  FAP Task 2. 
A s  a c o n s e q u e n c e  o f  t h e  Task  F o r c e  Mee t ing  men t ioned  
a b o v e ,  FAP Task 2  a p p e a r s  t o  b e  g o i n g  t o  use a  programming 
approach  t h a t  i s  v e r y  d i f f e r e n t  f rom t h e  a p p r o a c h  d e s c r i b e d  
h e r e i n .  Given t h e  time and d a t a  c o n s t r a i n t s ,  and p r e v i o u s  
work done  by FAP, t h i s  i s  a  r e a s o n a b l e  c h o i c e .  
Now t h a t  t h e  T a s k  F o r c e  ~ e e t i n g i s  o v e r  t h i s  p a p e r  sim- 
p l y  d e s c r i b e s  an  o p t i o n  t h a t  was c o n s i d e r e d  b u t  n o t  u sed .  
I t  may a l s o  s e r v e  a s  an  o v e r v i e w  o f  t h e  g l o b a l  a g r i c u l t u r a l  
sys t em from 3 human e c o l o g y  p e r s p e c t i v e .  
I would l i k e  t o  e x p r e s s  my g r a t i t u d e  t o  Dr.  J a r o s l a v  
Hirs o f  FAP f o r  h i s  s u p p o r t  i n  w r i t i n g  t h i s  p a p e r  and h i s  
w i l l i n g n e s s  t o  l i s t e n  t o  v i e w p o i n t s  v e r y  d i f f e r e n t  from h i s  
own. 
CONCEPTUAL1 ZATIONS OF ENVIRONMENT A N D  TECHNOLOGY I N  
FOOD SYSTEMS : 
J e n n i f e r  Robinson 
INTRODUCTION 
T h i s  paper  d e v e l o p s  t h r e e  a l t e r n a t i v e  c o n c e p t u a l i z a -  
t i o n s  of t h e  i n t e r r e l a t i o n s h i p s  between t h e  env i ronmen t ,  
t e c h n o l ogy ,  and t h e  food system a s  a  b a s i s  f o r  l o o k i n g  a t  
t h e  g l o b a l  d imens ions  of t h e  food sys tem i n  c o n t e x t  o f  
e n v i r o n men ta l  and t e c h n o l o g i c a l  f a c t o r s .  T h e  t h r e e  concep- 
t u a l i z a t i o n s  a r e ,  r e s p e c t i v e l y ,  a  b a l a n c e  of  t r a d e  o r i e n t e d  
p e r s p e c t i v e ,  a  human l a b o r  o r i e n t e d  p e r s p e c t i v e  and a  c a r r y -  
i n g  c a p a c i t y  p e r s p e c t i v e .  I i n t e n d  t h e s e  a s  a l t e r n a t i v e  
p e r s p e c t i v e s  a p p r o p r i a t e  t o  d i f f e r e n t  c i r c u m s t a n c e s  a s  shown 
i n  Table  1. I have t r i e d  t o  frame t h e s e  c o n c e p t u a l i z a t i o n s  
, i n  a  way t h a t  s u g g e s t s  u s e f u l  a c t i o n ;  i . e . ,  r a t h e r  than  sirn- 
p l y  d e s c r i b i n g  t h e  sys tem and i t s  prob lems ,  I have t r i e d  t o  
d e f i n e  t h i n g s  i n  a  way t h a t  l e a d s  t o  i n s i g h t  on how t h e  
s y s t e m ' s  a v a i l a b l e  r e s o u r c e s  cou ld  be used t o  s o l v e  i t s  
problems.  
The t h r e e  c o n c e p t u a l i z a t i o n s  a r e  n e i t h e r  m u t u a l l y  
e x c l u s i v e  nor  e x h a u s t i v e .  Many sys tems  i n  t h e  world cou ld  
~ l s e f u l l y  be viewed from a l l  t h r e e  p e r s p e c t i v e s  s i rnu l t ane-  
o u s l y .  For example ,  poor t r o p i c a l  c o u n t r i e s  w i t h  b a l a n c e  of  
t r a d e  p rob lems ,  f r a g i l e  env i ronmen t s ,  and s e r i o u s  employment 
problems.  Some p l a c e s  might f i n d  a  f o u r t h ,  f i f t h  o r  n t h  
c o n c e p tua l  i z a t  ion  u s e f u l  ; f o r  example ,  i n  many European 
n a t i o n s  a g r i c u l t u r a l  sys tems  seem t o  be viewed main ly  i n  
t e rms  of  a v o i d i n g  v u l n e r a b i l i t y  and keep ing  r u r a l  incomes a t  
a  r e a s o n a b l e  l e v e l .  However, a s  shown i n  F i g u r e  1, a  l a r g e  
f r a c t i o n  o f  t h e  e a r t h ' s  l a n d  s u r f a c e  i s  u t i l i z e d  i n  ways 
t h a t  can be f i t  i n t o  one o r  more of t h e s e  c o n c e p t u a l i z a -  
t i o n s .  
The f o l l o w i n g  t e x t  r ev i ews  t h e  t h r e e  c o n c e p t u a l i z a t i o n s  
one by one and t hen  draws some g e n e r a l i z a t i o n s  from them. 
For each c o n c e p t u a l i z a t i o n  I f i r s t  p r e s e n t  and d e s c r i b e  t h e  
s y s t e m ' s  supply/demand i n t e r a c t i o n s .  Second I d e s c r i b e  how 
r e s o u r c e s  and environment  f i t  I n t o  t h e  svstern; and t h i r d  I 
Table  1. Three c o n c e p t u a l i z a t i o n s .  




Trade t e m p e r a t e  zone ,  USA, much o f  
b a l a n c e  i n d u s t r i a l ,  o i l  Europe,  J a p a n  
i m p o r t e r  
Labor p o o r ,  h e a v i l y  
p o p u l a t e d  
C h i n a ,  I n d i a .  
I n d o n e s i a  
C a r r y i n g  p o o r ,  f r a g i l e  much of  A f r i c a  
c a p a c i t y  e n v i r o n m e n t ,  and L a t i n  America 
o f t e n  t r i b a l  
d e s c r i b e  where t e c h n o l o g y m a y e f f e c t t h e i n t e r a ~ t i o n o f s u ~ ~ l ~ ,  
demand, r e s o u r c e s  and env i ronment .  T h e r e a f t e r  I d i s c u s s  t h e  
f a c t  t h a t  t h e  r e a l  wor ld  i s  a  mosaic  of  i n t e r a c t i n g  s y s t e m s  
w i t h  d i f f e r e n t  . s t r u c t u r e s  and s p e c u l a t e  on t h e  i n t e r a c t i o n  
o f  d i f f e r e n t  sys tem t y p e s .  L a s t l y  I  o f f e r  some g e n e r a l i z a -  
t i o n s  on r e p r e s e n t a t i o n  o f  envi ronment  and t e c h n o l o g y  i n  
a g r i c u l t u r a l  s y s t e m s .  
BALANCE OF TRADE 
I n  t h e  a b s e n c e  o f  s e r i o u s  d o m e s t i c  hunger p rob lems  o r  
o v e r t  s i g n s  o f  e n v i r o n m e n t a l  d e g r a d a t i o n ,  i n d u s t r i a l  coun- 
t r i e s  o f t e n  view a g r i c u l t u r e  from t h e  q u e s t i o n  o f  "how can  
w e  use t h i s  s e c t o r  t o  h e l p  s o l v e  o t h e r  n a t i o n a l  p rob lems?"  
I n  1980 t h i s  o f t e n  means "how can w e  use  a g r i c u l t u r e - - e i t h e r  
th rough  d e c r e a s i n g  i m p o r t s  o r  i n c r e a s i n g  impor t s - - to  h e l p  
pay our  f u e l  impor t  b i l l .  
I n  t h i s  c o n c e p t u a l i z a t i o n ,  a s  shown i n  F i g u r e  2:  Loop 
1, i n c r e a s e d  p r o d u c t i o n  l e a d s  t o  i n c r e a s e d  d o m e s t i c  s t o c k s ,  
which pe rmi t  i n c r e a s e d  e x p o r t s  and improves  t h e  b a l a n c e  of 
t r a d e .  I f  t h e  b a l a n c e  o f  t r a d e  r e m a i n s  a  problem which i t  
seems l i k e l y  t o  do  d u e  t o  long- te rm problems i n  t h e  e n e r g y  
sys tem,  t h i s  s t i m u l a t e s  p o l i c i e s  d e s i g n e d  t o  i n c r e a s e  domes- 
t i c  p r o d u c t i o n  i n  o r d e r  t o  i n c r e a s e  p r o d u c t i o n .  The r e s u l t  
i s  a  n e g a t i v e  feedback  l o o p  t h a t  d i r e c t s  i t s  a c t i v i t y  toward 
m a i n t a i n i n g  an a c c e p t a b l e  b a l a n c e  o f  t r a d e .  
The d i f f i c u l t y  of t h i s  l o o p  i s  t h a t  i t  d o e s  n o t  work s o  
w e l l  i f  a l l  t h e  wor ld  i s  t r y i n g  t o  use i t .  I f  a l l  a g r i c u l -  
t u r a l  p r o d u c e r s  a r e  s i m u l t a n e o u s l y  t r y i n g  t o  i n c r e a s e  a g r i -  
c u l t u r a l  p r o d u c t i o n ,  world s t o c k s  i n c r e a s e  and world a g r i -  










F i g u r e  2 F i g u r e  3 
F i g u r e s  2 and 3: P a t t e r n s  o f  c a u s a t i o n  i n  ba1anc.e o f  t r a d e  
c o n c e p t u a l i z a t i o n  and p l a c e s  where t e c h n o l a g y  i n f l u e n c e s  t h e  
s y s t e m  
a g r i c u l t u r a l  e x p o r t s  d o n ' t  e a r n  a s  much; 2 )  p r a d u c e r  p r o - ,  
f i t s  d e c r e a s e  and t h e r e  i s  a  d i s i n c e n t i v e  t o  i n c r e a s e  p ro -  
d u c t i o n ,  b o t h  d o m e s t i c a l l y  and a b r o a d ;  and 3 )  t h e r e  i s  a  
d i s i n c e n t i v e  t o  e x p o r t .  These  s y s t e m  t e n d e n c i e s  c r e a t e  
l o o p s  2 ,  3 ,  4 ,  and 5 i n  F i g u r e  2 .  
The way t h i s  i n t e r a c t i o n  works o u t  i n  r e a l i t y  d e p e n d s  
on m u l t i p l e  complex f a c t o r s ,  i n c l u d i n g  t r a d e  b a r r i e r s ,  r e l a -  
k i v e  s p e e d s  o f  p r i c e  r e s p o n s e ,  r e l a t i v e  e l a s t i c i t i e s  o f  sup-  
p l y  i n  d i f f e r e n t  r e g i o n s ,  and r a t e s  o f  demand g r o w t h .  A 
f u l l  i n t e r n a t i o n a l  t r a d e  m o d e l ,  s u c h  a s  t h a t  b e i n g  d e v e l o p e d  
i n  t h e  IIASA Food and  A g r i c u l t u r e  P r o g r a m ' s  Task 1, would b e  
a p p r o p r i a t e  f o r  s t u d y i n g  t h e  d e t a i l s  o f  t h i s  p r o c e s s .  
Resources  and Environment 
Resources  and environment  f i t  i n t o  t h i s  p i c t u r e  i n  
t h r e e  ways: 1) The p r i c e  of o i l  i s  a  r e s o u r c e  f a c t o r ;  i t  i s  
o u t s i d e  t h e  a g r i c u l t u r a l  sys tem,  and i t  i s  p u t t i n g  p r e s s u r e  
on t h e  en t i r e  g l o b a l  a g r i c u l t u r a l  sys tem.  2 )  Domestic  and 
f o r e i g n  weather  i n f l u e n c e  p r o d u c t i o n .  Weather may be  con- 
s i d e r e d  a  randomly v a r y i n g  f a c t o r ,  a l t h o u g h  i f  C02 b u i l d u p  
c o n t i n u e s  wea ther  e f f e c t s  may become a  random v a r i a t i o n  
superimposed on a  d e f i n i t e  t r e n d ,  and t h e  u n d e r l y i n g  long-  
term time t r e n d  may be l i n k e d  t o  a g r i c u l t u r a l l y  r e l a t e d  
c l e a r i n g  o f  t r o p i c a l  f o r e s t s  and decay  of  s o i l  o r g a n i c  
m a t t e r .  I n  F i g u r e  2  wea ther  i s  shown a s  an exogenous f o r c e  
i n f l u e n c i n g  bo th  domes t i c  and world p r o d u c t i o n .  I f  one 
wanted t o  look a t  C02, wea ther  e f f e c t s  cou ld  be p a r t i a l l y  
endogen ized .  3 )  When p r o d u c t i o n  i s  expanded i n t o  marg ina l  
l a n d s  o r  when t o o  l i t t l e  i s  expended on env i ronmen ta l  
main tenance ,  e r o s i o n  and o t h e r  forms of env i ronmen ta l  degra -  
d a t i o n  i n c r e a s e .  T h i s ,  a s  shown i n  Figure2:Loop 6 ,  
d e c r e a s e s  p r o d u c t i o n  i n  t h e  l ong  t e rm.  Th i s  l o o p  may 
d e s c r i b e  o t h e r  problems a s s o c i a t e d  w i th  i n d u s t r i a l i z e d  
a g r i c u l t l l r e - - f o r  example ,  monocu l t u r a l  p r a c t i c e s  t h a t  
e n c o u rage  p e s t  ep idemic s  o r  s o i l  compact ion caused  by use of  
heavy t r a c t o r s .  T h e  e x a c t  s t r u c t u r e  used shou ld  va ry  from 
r e p r e s e n t a t i o n  t o  r e p r e s e n t a t i o n ,  because  t h e r e  i s  g r e a t  
d i f f e r e n c e  between r e g i o n s  and between a g r i c u l t u r a l  p rac -  
t i c e s  i n  t h e  r a p i d i t y  and s e v e r i t y  o f  env i ronmen ta l  degrada-  
t i o n  (some p r a c t i c e s  may even b u i l d  up t h e  r e s o u r c e  b a s e ) .  
There  i s  a l s o  v a r i a t i o n  i n  t h e  e x t e n t  t o  which n a t u r a l  
r e s o u r c e s  a r e  s e l f - r e n e w i n g .  
T h e  way w e a t h e r ,  e r o s i o n  and o i l  p r i c e  e f f e c t  t h e  
system--and t h e  problem of  keep ing  d e s i r e d  t r a d e  b a l a n c e s  
under c o n d i t i o n s  o f  h igh  o i l  p r i ces - -depends  no t  o n l y  on 
d o me s t i c  r e a c t i o n s  t o  t h e  s i t u a t i o n  bu t  a l s o  t o  r e a c t i o n s  
around t h e  g l o b e ,  and t h e  way t h e y  a r e  . t r a n s m i t t e d  th rough  
t h e  g l o b a l  t r a d e  sys tem.  A t  f i r s t  g l a n c e ,  t h e  c o n f i g u r a t i o n  
s u g g e s t s  t h a t  r e a c t i o n s  t o  h igh  o i l  p r i c e s  may e v e n t u a l l y  
r e s u l t  i n  a g r i c u l t u r a l  d e p r e s s i o n ,  a s  a g r i c u l t u r a l  n a t i o n s  
c o l l e c t i v e l y  i n c r e a s e  a g r i c u l t u r a l  p r o d u c t i o n  t o  a t t e m p t  t o  
i n c r e a s e  t h e i r  b a l a n c e s  of  t r a d e .  I t  a l s o  l a o k s  a s  though 
t h e  p r e s s u r e  on d o m e s t i c  p r o d u c t i o n  w i l l  be l i k e l y  t o  r e s u l t  
i n  i n c r e a s e d  p r e s s u r e  on t h e  n a t u r a l  env i ronment ,  which may 
r e s u l t  i n  problems o v e r  t h e  l ong  term.  
Technology 
Technology,  a s  shown i n  F i g u r e  3 ,  a f f e c t s  many o f  t h e  
r e l a t i o n s h i p s  i n  t h i s  sys tem.  I f  o i l  p r i c e s  i n c r e a s e ,  t e c h -  
nology w i l l  t end  t o  t a k e  ene rgy  s a v i n g  fo rms ;  a f t e r  t h e  
l a p s e  o f  y e a r s  o r  d e c a d e s  r e q u i r e d  f o r  t e c h n o l o g i c a l  change 
t o  b r i n g  abou t  s i g n i f i c a n t  ene rgy  s a v i n g s ,  t h i s  w i l l  par -  
t i a l l y  c o u n t e r a c t  t h e  e f f e c t s  o f  o i l  p r i c e  i n c r e a s e s .  
P r o d u c t i o n  t e c h n o l o g i e s  may i n c r e a s e  a g r i c u l t u r a l  produc- 
t i v i t y ,  which may l e a d  t o  h i g h  s t o c k s  and law p r i c e s .  
Choice  of t e c h n o l o g y  w i l l  a l s o  s t r o n g l y  i n f l u e n c e  t h e  
s t r e s s e s  p l a c e d  by a g r i c u l t u r a l  p r o d u c t i o n  on t h e  e n v i r o n -  
ment. For example ,  c r o p p i n g  p r a c t i c e s  v a r y  g r e a t l y  i n  
t h e i r  t e n d e n c i e s  t o  c a u s e  e r o s i o n ,  t o  l e a d  t o  o r g a n i c  m a t t e r  
d e p l e t i o n  (and c a r b o n  d i o x i d e  r e l e a s e )  and t o  c a u s e  s o i l  
compact i o n .  Technology,  such a s  s c i e n t i f i c  i n v e n t o r y  
management, c o u l d  a l s o  c o n c e i v a b l y  i n f l u e n c e  t h e  way s t o c k s  
a r e  managed, and t h e r e b y  i n f l u e n c e  t h e  way t h a t  t r a d e  and 
p r i c e  s y s t e m s  t r a n s m i t  s u p p l y  changes .  
LABOR 
Poor c o u n t r i e s  t e n d  t o  see a g r i c u l t u r e  a s  a  way o f  pro-  
d u c i n g  f o o d ,  and t e n d  t o  see t h e  a g r i c u l t u r a l  problem i n  
t e r m s  of f u l f i l l i n g  b a s i c  human needs .  P o v e r t y  i s  g e n e r a l l y  
a s s o c i a t e d  w i t h  an abundance  o f  human l a b o r , . a  s c a r c i t y  of  
c a p i t a l ,  and a  l a n d  b a s e  t h a t  i s  o p e r a t i n g  well below po ten-  
t i a l .  From t h e  o r i e n t a t i o n  o f  u s i n g  abundant  r e s o u r c e s  t o  
compensate  f o r  s c a r c e  o n e s ,  t h i s  s i t u a t i o n  l e a d s  t o  a  con- 
c e p t u a l i z a t i o n  a s  shown i n  F i g u r e s  4 and 5. 
The work force--human l a b o r - - i s  t h e  most abundant  
r e s o u r c e .  I t  h a s  t e n d e d  t o  be used d i r e c t l y  i n  p r o d u c t i o n  
a s  manual l a b o r  w i t h o u t  heavy use o f  c a p i t a l  equ ipment ;  i t  
may a l t e r n a t i v e l y  be used f o r  p r o d u c i n g  c a p i t a l  equipment  
( a g r i c u l t u r a l  o r  o t h e r w i s e )  o r  f o r  r e s o u r c e  c o n s e r v a t i o n  
a c t i v i t i e s  such a s  t e r r a c i n g ,  r e f o r r e s t a t i o n  and improvement 
o f  d r a i n a g e  sys tems .  I n  a l l  t h r e e  c a s e s ,  t h e  d i r e c t i o n  o f  
t h e  e f f e c t  i s  t h e  same--increased l a b o r  l e a d s  t o  i n c r e a s e d  
o u t p u t .  However, t h e  manner and magni tude  of  i n f l u e n c e  
v a r i e s  g r e a t l y .  D i r e c t  l a b o r  a p p l i c a t i o n  r e q u i r e s  l i t t l e  
s o c i a l  and economic o r g a n i z a t i o n ,  l e a d s  t o  immediate  
e f f e c t s ,  and y i e l d s  low m a r g i n a l  r e t u r n s .  Use a f  l a b o r  f o r  
c a p i t a l  f o r m a t i o n  and c o n s e r v a t i o n  bo th  t e n d  t o  l e a d  t o  
r e l a t i v e l y  h igh  m a r g i n a l  y i e l d s ,  b u t  r e q u i r e  r e l a t i v e l y  h i g h  
l e v e l s  of  management s k i l l  and s u p p o r t i v e  s o c i a l  and p o l i t i -  
c a l  s y s t e m s ,  and impose a  d e l a y  o f  a t  l e a s t  a  few y e a r s  
b e f o r e  t h e  f r u i t  o f  p e o p l e ' s  l a b o r s  can  be h a r v e s t e d .  
I n  whichever  d i r e c t i o n  i t  i s  a p p l i e d ,  work i n c r e a s e s  
o u t p u t ;  i n c r e a s e d  o u t p u t  l e a d s  t o  improved human and 
en.vironmenta1 h e a l t h ,  t h e r e b y  t o  i n c r e a s e d  l a b o r  and l a n d  
? r o d u c t i v i t y .  I t  a l s o  l e a d s  t o  d e c r e a s e d  i n f a n t  m o r t a l i t y ,  
t h u s  o v e r  t h e  l o n g  t e r m  t o  a  l a r g e r  working p o p u l a t i o n .  An 
i n c r e a s e d  s u p p l y  o f  c h i l d r e n  (and e v e n t u a l l y  a d u l t s )  a l o n g  
w i t h  i n c r e a s i n g  t h e  w o r k f o r c e ,  a l s o  i n c r e a s e s  t h e  amount o f  
time and e n e r g y  t h a t  m u s t  be d e v o t e d  t o  c h i l d c a r e  and t h e  
amount of  food r e q u i r e d  t o  m a i n t a i n  h e a l t h .  
F i g u r e  4 F i g u r e  5 
F i g u r e s  4 and 5: Main c a u s a l  i n f l u e n c e  i n  l a b o r f o r c e  concep- 
t u a l i z a t i o n  and p l a c e s  where t e c h n o l o g y  may i n f l u e n c e  r e l a -  
t i o n s h i p s .  
The t h r e e  b a s i c  p r o c e s s e s  i n  t h i s  c o n f i g u r a t i o n  a r e  
shown i n  F i g u r e  6 ;  f i r s t ,  p o p u l a t i o n  c r e a t e s  t h e  means of  
s u p p o r t i n g  p e o p l e ,  a s  shown i n  t h e  o u t e r m o s t  l o o p . '  Second,  
p e o p l e  c r e a t e  more p e o p l e ,  a s  shown i n  t h e  innermos t  l o o p .  
Thi rd  a s  shown by t h e  l o o p s  between t h e  i n n e r  and o u t e r  
l o o p s ,  p e o p l e  c r e a t e  time and m a t e r i a l  needs .  I f  t h e s e  
n e e d s  exceed supply--which t h e y  u s u a l l y  do-- the sys tem 
s u f f e r s  s t r e s s  and bo th  l a b o r  and e n v i r o n m e n t a l  p r o d u c t i v i t y  
a r e  r educed .  
I f  w e l f a r e  i s  t o  i n c r e a s e  i n  a  l abor -based  s y s t e m ,  sup- 
p l y  m u s t  expand f a s t e r  t h a n  demand. T h i s  can be a c h i e v e d  
both th rough  r e c h a n n e l i n g  human l a b o r  t o  uses t h a t  b r i n g  
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F i g u r e  6:  S i m p l i f i e d  l a b o r  c o n c e p t u a l i z a t i o n .  
h i g h e r  o u t p u t  ' p e r  p e r s o n  and/or  by s lowing  p o p u l a t i o n  
growth.  Obvious ly  p o p u l a t i o n  growth r e d u c t i o n  coup led  w i t h  
r e d i r e c t i n g  l a b o r  ( p a r t i c u l a r l y  f emale  w o r k f o r c e )  away from 
c h i l d  r e a r i n g  and toward p r o d u c t i v e  a c t i v i t i e s  w i l l  make a  
g r e a t e r  c o n t r i b u t i o n  t o  w e l f a r e  t h a n  f e r t i l i t y  r e d u c t i o n  
a l o n e .  T h i s  c o u p l i n g  i s  o f t e n  o b s e r v e d ;  t h a t  i s ,  where 
women can be employed a t  a  d e c e n t  wage t h e y  t e n d  t o  move 
i n t o  p r o d u c t i v e  a c t i v i t i e s  and f e r t i l i t y  t e n d s  t o  d r o p .  
Resources  and Environment 
Resource  and e n v i r o n m e n t a l  q u e s t i o n s  come i n t o  l a b o r -  
based sys tems  i n  s e v e r a l  ways. I f  t h e  sys tem h a s  p r e v i o u s l y  
o p e r a t e d  a t  a  h i g h  l e v e l  o f  e n v i r o n m e n t a l  s t r e s s  f o r  a  l o n g  
t i m e ,  p r e s e n t  y i e l d s  a r e  p r o b a b l y  d e p r e s s e d  by d e p l e t e d  s a i l  
and o t h e r  e n v i r o n m e n t a l  c o n d i t i o n s .  Many l a n d  r e c l a m a t i ~ n  
p r a c t i c e s  a r e  l a b o r  i n t e n s i v e ,  t h e r e f o r e  t h i s  c o n f i g u r a t i a n  
c r e a t e s  an o p p o r t u n i t y  t o  u t i l i z e  t h e  l a b o r  f o r c e  t a  
i n c r e a s e  y i e l d s .  I f  t h e  sys tem p r e s e n t l y  o p e r a t e s  w i t h  a  
h e a l t h y  env i ronment ,  e n v i r o n m e n t a l  c o n s e r v a t i o n  i s  an 
a c t i v i t y  t h a t  r e q u i r e s  l a b o r  a l l o c a t i o n  t o  p r o t e c t  t h e  sys -  
tem from d e g r a d a t i o n .  
Weather and c l i m a t e  a l s o  a f f e c t  t h e  sys tem.  F lood ing  
o r  d rough t  may c a u s e  d r o p s  i n  y i e l d s ;  t h e s e  i n  t u r n  may 
r e s u l t  i n  hunger ,  s t r e s s  and s o i l  d e g r a d a t i o n .  Lang term 
c l i m a t i c  t r e n d s  c o u l d  h e l p  o r  harm such sys tems  depend ing  an 
whether  t h e y  made t h i n g s  b e t t e r  o r  worse  f o r  growing c r o p s .  
Energy p r i c e  may a l s o  a f f e c t  t h e  sys tem by a l t e r i n g  t h e  c o s t  
r e l a t i o n s h i p s  o f  d i f f e r e n t  u s e s  o f  human l a b o r  ( e . g . ,  
i n c r e a s e d  energy  c o s t s  may make i t  more e f f i c i e n t  t o  u s e  
g r e e n  manuring t e c h n i q u e s  t h a n  t o  p u r c h a s e  f e r t i l i z e r )  and 
by i n f l u e n c i n g  p e o p l e s  c h o i c e  o f  h e a t i n g  and cook ing  f u e l s ,  
t h e r e b y  i n f l u e n c i n g  d e f o r e s t a t i o n  r a t e s  o r  r a t e s  a t  which 
cow dung i s  s u b s t i t u t e d  f o r  a t h e r  f u e l s .  
ION 
Of c o u r s e  t h e  above p o r t r a y a l  o f  envi ronment  i s  over -  
s i m p l i f i e d ,  and l i k e  many fo rmal  models i t  u n d e r c o u n t s  
i n s t i t u t i o n a l ,  p o l i t i c a l  f a c t o r s .  O f t e n  c o n s e r v a t i o n  i s  ' n o t  
s o  much a  m a t t e r  of  u s i n g  l a b o r  a s  i t  i s  o f  chang ing  h a b i t s ;  
f o r  example,  l i m i t i n g  t h e  s i z e  o f  l i v e s t o c k  h e r d s  s o  t h a t  
t h e y  do not  o v e r g r a z e ,  d e s t r o y  r a n g e l a n d s  and u p s e t  n a t u r a l  
b a l a n c e s .  Even where c o n s e r v a t i o n  a c t i v i t i e s  r e q u i r e  l a r g e  
amounts of  l a b o r ,  a s  f o r  example i n  r e f o r r e s t a t i o n  of  
w a t e r s h e d s  and s o i l  r e c l a m a t i o n ,  t h e r e  may be  no e f f e c t i v e  
s o c i a l  means o f  g e t t i n g  p e o p l e  t o  work f o r  something t h a t  
w i l l  b e n e f i t  them o n l y  i n d i r e c t l y  and o n l y  i n  t h e  l o n g  term.  
I f  and when f o r m a l  modeling d i s t r a c t s  u s  from t h e  
i n s t i t u t i o n a l  f a c t o r s  o f  e n v i r o n m e n t a l  management i t  con- 
f u s e s  o u r  u n d e r s t a n d i n g  of  t h e  a g r i c u l t u r a l  sys tem more than  
i t  c l a r i f i e s  i t .  I t  i s  c r i t i c a l  t h a t  any f o r m a l i z e d  i n v e s -  
t i g a t  i o n  of e n v i r o n m e n t a l  f a c t o r s  i n  pove;ty s i t u a t i o n s  be 
coup led  w i t h  i n v e s t i g a t i o n  o f  t h e  i n s t i t u t i o n a l  f a c t o r s  
c r e a t i n g  t h e  o b s e r v e d  p a t t e r n s  o f  e n v i r o n m e n t a l  management. 
Technology 
Technology,  o n c e  a g a i n ,  i n f l u e n c e s  many o f  t h e  r e l a -  
t i o n s h i p s  i n  t h i s  c o n c e p t u a l i z a t i o n  of  t h e  a g r i c u l t u r a l  sys -  
tem. S t a r t i n g  a t  t h e  t o p  of  F i g u r e  5 (see page 6 above) and 
working down, t e c h n o l o g y  i n f l u e n c e s  a l l  t h e  f a l l o w i n g  v a r i -  
a b l e s :  
o  Time r e q u i r e d  f o r  n u r t u r e - - f o r  example', one  food 
p r e p a r a t i o n  t e c h n o l o g y  may r e q u i r e  t h a t  someone be 
p r e s e n t  i n  t h e  house  a lmos t  a round t h e  c l o c k  w h i l e  
a n o t h e r  o n l y  r e q u i r e s  t h a t  someone be a t  home f o r  a  
f r a c t i o n  of  an hour  b e f o r e  mea l s  a r e  s e r v e d .  
o  Reproduc t ion  and d e a t h  ra tes - -medica l  t e c h n o l o g i e s  and 
b i r t h  c o n t r o l  t e c h n o l o g i e s .  Medical  t e c h n o l o g y  may 
a l s o  i n f l u e n c e  t h e  e f f e c t i v e n e s s  o f  t h e  w o r k f o r c e ;  f o r  
example, by e l i m i n a t i n g  endemic d i s e a s e s  such a s  
b a l h a r z i a ,  and hookworm. 
o  Environmenta l  s t r e s s - c r o p s  and methods of c u l t i v a t i o n  
v a r y  g r e a t l y  i n  t h e i r  e f f e c t s  on t h e  e n v i r o n m e n t .  
T r a d i t i o n a l  paddy r i c e  c u l t u r e  c a u s e s  l i t t l e  o r  no e r o -  
s i o n ;  h i l l s i d e  c u l t i v a t i o n  o f  co rn  may c a u s e  h o r r i b l e  
s h e e t  and g u l l y  e r o s i o n .  M o d i f i c a t i o n  o f  e i t h e r  t e c h -  
n i q u e  may i n c r e a s e  o r  d e c r e a s e  e r o s i o n .  
o  E f f e c t i v e n e s s  of  c o n s e r v a t i o n  l a b o r  i n  i n c r e a s i n g  
r e s o u r c e  h e a l t h - - e . g . ,  a  r e f o r r e s t a t i o n  team working 
wi th  poor implements ,  poor o r g a n i z a t i o n  and t h e  wrong 
s t r a i n  o f  t r e e s  may a c h i e v e  l i t t l e  o r  no good. 
o  E f f e c t i v e n e s s  of  p r o d u c t i o n  l abor - -e .g . ,  a  l a b o r e r  may 
be a b l e  a  move d i r t  a n d - r a c k s  t w i c e  a s  f a s t  wi th  a 
w e l l  d e s i g n e d  wheelbarrow a s  w i t h  a  p o o r l y  d e s i g n e d  
one ;  h a r v e s t i n g  l a b o r  may s i m i l a r l y  be reduced by w e l l  
d e s i g n e d  hand t o o l s .  
o  E f f e c t i v e n e s s  o f  l a b o r  i n  p r o d u c i n g  p r o d u c t i o n  
c a p i t a l - - r u r a l  e l e c t r i f i c a t i o n  f o r  example ,  may p e r m i t  
c r a f t s m e n  t o  a c h i e v e  much g r e a t e r  p r o f i c i e n c y  i n  making 
a g r i c u l t u r a l  e q u i p m e n t ,  a s  may u p g r a d i n g  t h e  t o o l s  w i t h  
which t h e y  work.  
A s  w i t h  r e s o u r c e  q u e s t i o n s ,  i n  t h e  l a b o r  model many 
t e c h n o l o g i c a l  q u e s t i o n s  a r e  a t  t h e i r  c o r e  p r o b l e m s  o f  i n s t i -  
t u t i o n a l  and s o c i a l  o r g a n i z a t i o n .  For  e x a m p l e ,  c r e d i t  a v a i -  
l a b i l i t y ,  a b s e n c e  o r  p r e s e n c e  o f  mechanisms  t o  p romote  
c o o p e r a t i o n  where  t e c h n o l o g i c a l  improvement  r e q u i r e s  i t  
( e . g . ,  c o o p e r a t i o n  o f  f u l l  v i l l a g e s  i s  o f t e n  r e q u i r e d  i n  
a p p l y i n g  t e c h n o l o g i e s  t o  e l i m i n a t e  endemic  p a r a s i t i c  
d i s e a s e s ,  r e g u l a r i t y  o f  b e h a v i o r  i s  o f t e n  r e q u i r e d  f o r  
i n c r e a s i n g  s c a l e s  o f  p r o d u c t i o n )  and a t t i t u d e s  t o w a r d  women 
o r  p e o p l e  o f  d i f f e r e n t  r a c e s ,  t r i b e s  o r  o t h e r  s o c i a l  g r o u p s  
a r e  o f t e n  more l i m i t i n g  t o  t e c h n o l o g i c a l  e f f i c i e n c y  t h a n  
t e c h n i c a l  f a c t o r s .  Once a g a i n  i t  s h o u l d  b e  emphas i zed  t h a t  
i f  and when f o r m a l  m o d e l i n g  t e c h n i q u e s  l e a d  t o  i g n o r i n g  
t h e s e  v e r y  r e a l  f a c t o r s ,  f o r m a l  m o d e l i n g  i s  c o n t r i b u t i n g  t o  
m i s u n d e r s t a n d i n g  o f  t h e  p rob lem.  
C A R R Y I N G  CAPACITY 
Ecosys t ems  v a r y  i n  t h e i r  r e s i l i e n c e  t o  s t ress .  Abuse a  
r i ce  paddy and you g e t  l e ss  r i c e  ( p r e s u m i n g  you d o n ' t  d e s -  
t r o y  t h e  i r r i g a t i o n  s y s t e m ) ;  a b u s e  m a r g i n a l  whea t  g rowing  
l a n d  or s a v a n n a  u n d e r  d r o u g h t  c o n d i t i o n s  and you a r e  l i k e l y  
t o  end up w i t h  d e s e r t ;  a b u s e  a  r a i n f o r e s t  and you g e t  
w o r t h l e s s  s c r u b .  I n  g e n e r a l ,  s y s t e m  r e s i l i e n c e  i s  l o w e r  i n  
t r o p i c a l  and s u b t r o p i c a l  r e g i o n s  where  t e m p e r a t u r e s  a r e  
h i g h ,  r a t e s  o f  c h e m i c a l  r e a c t i o n  a r e  r a p i d  and s u n  and r a i n  
f a l l  on t h e  e a r t h  w i t h  g r e a t  i n t e n s i t y .  For  many s u c h  s y s -  
tems heavy  s t ress  l e a d s  t o  c a t a s t r o p h i c  d e c l i n e s  i n  
b i o p r o d u c t i v i t y - - a  s y s t e m  i n  a n  e r o d e d  s t a t e  may b e  r e d u c e d  
t o  1 0  p e r c e n t  o f  i t s  f o r m e r  l i f e  s u p p o r t  c a p a c i t y .  
Under such  c o n d i t i o n s  i t  may b e  most u s e f u l  t o  concep-  
t u a l i z e  t h e  a g r i c u l t u r a l  s y s t e m  p u r e l y  i n  terms o f  p r o t e c t -  
i n g  i t s  c a r r y i n g  c a p a c i t y .  
A s  shown i n  F i g u r e  7 ,  t h e  c a r r y i n g  c a p a c i t y  p rob lem 
b e g i n s  w i t h  human a n d / o r  l i v e s t o c k  p o p u l a t i o n s  whose b i r t h  
r a t e s  a r e  i n  e x c e s s  o f  t h e i r  d e a t h  r a t e s .  T h i s  c r e a t e s  an  
e x p o n e n t i a l l y  g r o w t h  c o n f i g u r a t i o n ,  a s  shown i n  Loop 1. The 
more p o p u l a t i o n s  g row,  t h e  less d i g e s t a b l e  o r g a n i c  m a t t e r  
t h e  s y s t e m  p r o d u c e s  p e r  h e a d ,  h e n c e  o u t p u t  a d e g u a c y  
d e c r e a s e s .  A s  shown i n  Loop 2 t h i s  l e a d s  t o  a  v i c i o u s  
c i r c l e  i n  which i n a d e q u a t e  o u t p u t  s t r e s s e s  t h e  s y s t e m ,  sys -  
tem s t r e s s  r e d u c e s  p r o d u c t i v i t y ,  and reduced p r o d u c t i v i t y  
l e a d s  t o  g r e a t e r  inadequacy  o f  o u t p u t  and hence  f u r t h e r  sys -  
tem s t r e s s .  T h i s  may s e t  o f f  a  second v i c i o u s  c i r c l e  (Loop 
3 ) ;  when t h e  r e s o u r c e  b a s e  i s  t o o  b a d l y  s t r e s s e d  i t  may 
become less c a p a b l e  of  n a t u r a l  r e g e n e r a t i o n ,  t h e r e b y  l e s s  
a b l e  t o  c o u n t e r a c t  s t r e s s ,  and t h e r e b y  more b a d l y  s t r e s s e d .  
For example ,  i n  a  g r a z i n g  s y s t e m ,  o v e r g r a z i n g  elim- 
i n a t e s  woody p l a n t s  and b e g i n s  d e s t r o y i n g  t h e  s o i l ' s  r o o t  
and humus l a y e r s ,  t h e r e b y  i m p a i r i n g  t h e  s y s t e m ' s  a b i l i t y  t o  
r e t a i n  m o i s t u r e .  T h i s  l e a d s  t o  lower  f o r a g e  p r o d u c t i o n  and 
c a u s e s  g r a z e r s  t o  d o  even more damage. I t  may s i m u l t a n e -  
o u s l y  a l t e r  m i c r o c l i m a t e  i n  a  wav t h a t  makes i t  d i f f i c u l t  
f o r  n a t u r a l  f o r a g e  t o  grow back.  I n  a  s l a s h  and burn sys -  
tem, when r o t a t i o n s  become t o o  f r e q u e n t  s o i l  n u t r i e n t s  
become p e r m a n e n t l y  l o s t  and s o i l  s t r u c t u r e  be i r r e v e r s i b l y  
damaged. T h i s  bo th  d e c r e a s e s  o u t p u t  and a d d s  s t ress  and 
i m p a i r s  t h e  s y s t e m ' s  c a p a c i t y  f o r  n a t u r a l  r e g e n e r a t i o n .  
The main f a c t o r s  c o u n t e r i n g  t h e  v i c i o u s  c i r c l e s  j u s t  
d e s c r i b e d  a r e  f a m i n e ,  d i s e a s e  and o u t m i g r a t i o n .  D e c l i n i n g  
o u t p u t  p e r  head harms human and l i v e s t o c k  h e a l t h .  T h i s  may 
l e a d  e i t h e r  t o  f a m i n e  and e l e v a t e d  d e a t h  r a t e s  o r  t o  r a p i d  
o u t m i g r a t i o n  (which may end up s t r e s s i n g  some o t h e r  
sys tem. . . . o r  l e a d i n g  t o  t r i b a l  w a r f a r e ) .  
Four t h i n g s  s h o u l d  be n o t e d  a b o u t  t h e  c a r r y i n g  c a p a c i t y  
c o n c e p t u a l i z a t i o n .  F i r s t ,  i t  s h o u l d  be f a m i l i a r  t o  you i f  
you have  read  __.-.I L i m i t s  . t o  --- ~ r o w t h  -- (Meadows e t .  a 1  1972)  o r  
r e l a t e d  books,  o r  i f  you Inow t h e  Kiabob d e e r  model ,  o r  i f  
you have s t u d i e d  ~ a r r e t t  H a r d i n ' s  e s s a v  "Tragedy o f  t h e  Com- 
mons" (Hard in  1 9 6 8 ) .  The same s t r u c t u r e ,  an e r o d a b l e  c a r r y -  
i n g  c a p a c i t y  s u p p o r t i n g  a  growing p o p u l a t i o n ,  i s  behind a l l  
t h e s e  models ,  a l t h o u g h  World 3  i s  c o n s i d e r a b l y  more d e t a i l e d  
and r i c h  i n  i t s  t r e a t m e n t  o f  c a r r y i n g  c a p a c i t y  t h a n  t h e  o t h -  
e r s .  
Second,  many p e o p l e  d i s l i k e  t h i s  model i n t e n s e l y .  I 
m u s t  s a y  t h a t  i n  w r i t i n g  i t  up now I f i n d  I d o n ' t  l i k e  t h e  
c a r r y i n g  c a p a c i t y  model v e r y  w e l l  e i t h e r ,  f o r  i t  i s  a  model 
w i t h  no good o p p o r t u n i t i e s .  I f  I look  a t  a  sys tem u s i n g  a  
c a r r y i n g  c a p a c i t y  c o n c e p t u a l i z a t i o n ,  I w i l l  n o t  f i n d  ways t o  
use t h e  s y s t e m ' s  abundant  r e s o u r c e s  t o  compensate  f o r  i t s  
s c a r c e  o n e s .  T h e  model s t r u c t u r e  f o r c e s  one  t o  t h e  conc lu -  
s i o n  t h a t  t h e  sys tem w i l l  n o t  s t a b i l i z e  u n l e s s  b i r t h  ( o r  
i n f a n t  s u r v i v a l )  r a t e s  a r e  kep t  less  t h a n  o r  e q u a l  t o  d e a t h  
r a t e s .  I b e l i e v e  t h a t  i n  many n o n - r e s i l i e n t  e c o s y s t e m s  t h i s  
i s  t r u e  and i m p o r t a n t .  
T h i r d ,  I would s a y  t h a t .  where a  c a r r y i n g  c a p a c i t y  con- 
c e p t u a l i z a t i o n  p e r t a i n s ,  f i e l d  a c t i v i t y  i s  more u s e f u l  t h a n  
model b u i l d i n g .  You d o n ' t  need a  model t o  t e l l  you how t h e  
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F i g u r e s  7 and 8: B a s i c  c a u s a l  l o o p s  i n  a  c a r r y i n g  c a p a c i t y  
sys tem and ways i n  which t e c h n o l o g y  may i n f l u e n c e  sys tem re-  
l a t i o n s h i p s .  
sys tem w i l l  behave;  i t  w i l l  o v e r s h o o t  i t s  c a r r y i n g  c a p a c i t y  
and c o l l a p s e  u n l e s s  t h e r e  a r e  a d e q u a t e  c o n t r o l s  on popula-  
t i o n .  Thus more u s e f u l  r e s e a r c h  a c t i v i t i e s  i n c l u d e  c a r e -  
f u l l y  measur ing  sys tem p a r a m e t e r s  t o  l e a r n  what i t s  c a p a c i t y  
i s  and l o o k i n g  f o r  ways t o  r e d u c e  s t r e s s ,  t o  i n c r e a s e  r e s i -  
l i e n c e  and t o '  add feedback  t h a t  w i l l  keep l i v e s t o c k  and 
human p o p u l a t i o n s  below c r i t i c a l  l e v e l s .  
F o u r t h ,  t h e  b a s i c  c a r r y i n g  c a p a c i t y  s t r u c t u r e  can be 
a p p l i e d  t o  a l l  e c o l o g i c a l  s y s t e m s ,  whether  o r  not  t h e y  con- 
t a i n  human b e i n g s .  A r e s i l i e n t  c a r r y i n g  c a p a c i t y  model-- 
i . e . ,  one p a r a m e t e r i z e d  s o  t h a t  o v e r e x p l o i t a t i o n  d e p r e s s e s  
o u t p u t  bu t  d o e s  n o t  d e s t r o y  e n v i r o n m e n t a l  r e g e n e r a t i v e  
capaci ty--amounts  t o  a  s u s t a i n a b l e  y i e l d  c o n c e p t u a l i z a t i o n .  
Such a  c o n c e p t u a l i z a t i o n  i s  a p p r o p r i a t e  t o  a  l a r g e  p a r t  o f  
t h e  e a r t h ' s  s u r f a c e ,  i n c l u d i n g  t h e  o c e a n s ,  t h e  t u n d r a ,  most 
t e m p e r a t e  f o r e s t s .  The e n v i r o n m e n t a l  l o o p s  d e s c r i b e d  above  
i n  t h e  b a l a n c e  o f  t r a d e  and t h e  l a b o r  c o n c e p t u a l i z a t i o n  a r e  
o f  such  a  form (when t h e  sys t em i s  s u f f i c i e n t l y  r e s i l i e n t  
o n e  c a n  s a f e l y  r e d u c e  r e g e n e r a t i o n  a s  an i m p l i c i t  form o f  
l a n d  r e g e n e r a t i o n ) .  
Envi ronment  
A c a r r y i n g  c a p a c i t y  model i s  a  model o f  e n v i r o n m e n t ;  i t  
makes no d i s t i n c t i o n  be tween  economy, s o c i a l  s y s t e m s  and 
e c o l o g i c a l  s y s t e m s ,  and  i t  i s  d o m i n a t e d  by e c o l o g i c a l  s y s -  
tems. A f u r t h e r  e n v i r o n m e n t a l  v a r i a b l e  t h a t  c a n  be  added  t o  
s u c h  mode l s  i s  wea the r - - a  heavy  d r o u g h t  added  t o  a  c a r r y i n g  
c a p a c i t y  model may t r i g g e r  t h e  s y s t e m  t o  c o l l a p s e  s o o n e r  
t h a n  i t  would o f  i t s  own momentum, T h i s  o b s e r v a t i o n  l e a d s  
t o  t h e  c o n c l u s i o n :  DON'T BLAME DROUGHT FOR SYSTEM INSTABIL- 
ITY.  Again  t h i s  i s  a  c o n c l u s i o n  t h a t  you d o n ' t  need  a  com- 
p u t e r  model t o  u n d e r s t a n d .  
Techno logy  
Techno logy ,  a s  shown i f  F i g u r e  8 ( p a g e  1 2 ) ,  i n f l u e n c e s  
c a r r y i n g  c a p a c i t y  s y s t e m s  i n  s e v e r a l  ways.  F i r s t ,  t e c h n o l -  
ogy change  may set t h e  s y s t e m  i n t o  u n s t a b l e  b e h a v i o r  modes 
by improv ing  human and l i v e s t o c k  h e a l t h  and p e r m i t t i n g  popu- 
l a t i o n s  t o  expand  p a s t  c a r r y i n g  c a p a c i t i e s .  Second ,  t e c h n o -  
l o g i e s  i n f l u e n c e  how much p e o p l e  need  f rom t h e  e n v i r o n m e n t .  
For  e x a m p l e ,  c u l t u r e s . t h a t  u s e  b u r n i n g  t e c h n o l o g i e s  t o  g e t  
food  o u t  o f  g r a s s l a n d  s y s t e m s  ( a  v e r y  l a r g e  p a r t  o f  t h e  
A f r i c a n  s a v a n n a  s y s t e m  i s  s o  u s e d )  t e n d  t o  s t r e s s  t h e i r  
r e s p e c t i v e  e c o s y s t e m s  much more t h a n  p e o p l e s  who d o  n o t .  
S i m i l a r l y ,  c h a r c o a l  b u r n i n g  t e c h n o l o g i e s  t e n d  t o  e n c o u r a g e  
d e f o r e s t a t i o n  i n  a r i d  o r  s e m i - a r i d  e n v i r o n m e n t s ,  and t h u s  t o  
h a s t e n  d e s e r t i f i c a t i o n .  T h i r d ,  t e c h n o l o g i e s  i n f l u e n c e  o u t -  
p u t .  I n d e e d ,  t r a n s i t i o n  t o  a  c o m p l e t e l y  new t e c h n o l o g i c a l  
b a s e ,  such  a s  plow-based a g r i c u l t u r e  i n  a  g r a z i n g  s y s t e m  o r  
e x p o r t - o r i e n t e d  f o r e s t  p r o d u c t s  i n d u s t r y  i n  s l a s h  and b u r n  
s y s t e m s ,  may be  t h e  mos t  e f f e c t i v e  way o f  s t a b i l i z i n g  an  
u n s t a b l e  c a r r y i n g  c a p a c i t y  s y s t e m  and i n c r e a s i n g  t h e  s t a n -  
d a r d s  o f  l i v i n g  o f  i t s  i n h a b i t a n t s .  F o u r t h ,  t e c h n o l o g y  may 
i n f l u e n c e  s y s t e m  r e c o v e r y  f rom s t r e s s ;  f o r  e x a m p l e ,  s y s -  
t e m a t i c  a f f o r e s t a t i o n  t e c h n o l o g i e s  may be  c r i t i c a l  f o r  undo- 
i n g  d e s e r t l f i c a t i o n .  
ON RESOURCES AND ENVIRONMENT 
T h e  c o n c e p t u a l i z a t i o n s  p rov ided  above a r e  n e i t h e r  pre-  
c i s e  nor  s o p h i s t i c a t e d .  However, t h e y  d e m o n s t r a t e  an 
approach t h a t  might  be  r e f i n e d  t o  be u s e f u l  f o r  f u r t h e r  
work. That i s ,  t h e  g l o b a l  sys tem might be mapped o u t  i n t o  
d i f f e r e n t  s t r u c t u r a l  t y p e s  a c c o r d i n g  t o  t h e i r  human- 
e c o l o g i c a l  r e l a t i o n s h i p s ,  p r o t o t y p e  models  might  be b u i l t  
f o r  each t y p e ,  and work might p roceed  e i t h e r  toward 
p a r a m e t e r i z i n g  p r o t o t y p e  models  f o r  s p e c i f i c  r e g i o n s  o r  
towards  t h e o r e t i c a l  i n v e s t i g a t i o n  o f  t h e  a c t i o n  and i n t e r a c -  
t i o n  o f  s t r u c t u r a l  t y p e s .  
The o v e r r i d i n g  concep t  behind t h i s  approach i s  t h a t  
e nv i ronm en ta l  and r e s o u r c e  q u e s t i o n s  form th emse lv e s  a l o n g  
biogeochemical  and demographic  l i n e s ;  t h a t  i s ,  w a t e r s h e d s ,  
c l i m a t i c  reg imes ,  s o i l  c h a r a c t e r i s t i c s  and s e t t l e m e n t  p a t -  
t e r n s  d e t e r m i n e  t h e  env i ronmen ta l  and r e s o u r c e  o u t l o o k  f o r  
any s p e c i f i e d  p i e c e  o f  a g r i c u l t u r a l ,  g r a z i n g  o r  f o r e s t  l a n d .  
T h i s  i s  t o  s a y ,  t h e  p o l i t i c a l  map, a l t h o u g h  i t  may b e  c r i t i -  
c a l  t o  managing t h e  problem,  i s  l a r g e l y  i r r e l e v a n t  t o  t h e  
p rob l e m ' s  p h y s i c a l  s t r u c t u r e .  
I b e l i e v e  t h a t  any work o n -  r e s o u r c e s  and environment  
m u s t  come t o  g r i p s  w i t h  t h i s  problem. Work.must proceed 
w i t h  r e f e r e n c e  t o  p h y s i c a l ,  b io -  and economic geography.  
S o i l  s c i e n t i s t s  and g e o g r a p h e r s  sh o u ld  be i n c lu d ed  and g i v e n  
prominent  p l a c e s  i n  t h e  r e s e a r c h .  
I t  might a l s o  be  useful t o s h i f t  some emphasis  from 
mathemat ica l  modeling t o  map drawing and a n a l y s i s .  Many 
pe op l e  who f i n d  normal computer  o u t p u t  u n i n t e r e s t i n g  o r  
c o n f u s i n g  f i n d  maps e a s y  t o  r e l a t e  t o ,  and we a r e  n o t  bom- 
barded i n  ou r  d a i l y  l i v e s  w i th  maps t h e  way we a r e  w i t h  
f a c t s ,  f i g u r e s  and v e r b a l  d e s c r i p t i o n s .  T h e r e f o r e  maps t en d  
t o  have g r e a t  power f o r  drawing and f o c u s i n g  a t t e n t i o n .  
S p e c i f i c a l l y ,  I s e e  a  need f o r  e x p l i c i t  -maps  o f  t h e  
s o i l  t y p e s  most p r o n e  t o  e r o s i o n .  These might  u s e f u l l y  be 
coup led  wi th  p h o t o g r a p h i c  and d e s c r i p t i v e  m a t e r i a l  on e a r l y  
warning s i g n s  and t imespan s  over  which problems a r e  l i k e l y  
t o  o c c u r .  I would a l s o  l i k e  t o  see some map-overlay s t u d y  
of t h e  c o r r e s pondence  between p o t e n t i a l  a g r i c u l t u r a l  produc- 
t i v i t y  and p r e s e n t  y i e l d s ;  I t h i n k  t h i s  would be u s e f u l  f o r  
improving p e o p l e ' s  images o f  where t h e r e  i s  p o t e n t i a l  f o r  
f u r t h e r  a g r i c u l t u r a l  development .  I f  t h i s  were c o o r d i n a t e d  
w i t h  mappings o f  r e s i l i e n c e / f r a g i l i t y  i t  would be  v e ry  use- 
f u l  f o r  improving p u b l i c  and academic u n d e r s t an d in g  of  t h e  
p o s s i b i l i t i e s  and d i f f i c u l t i e s  o f  open ing  new a g r i c u l t u r a l  
l a n d s ,  a s  well a s  f o r  d i r e c t i n g  f u r t h e r  development toward 
a r e a s  w i th  h i g h e s t  p o t e n t i a l  and l e a s t  s e r i o u s  en v i ro n men ta l  
problems.  
ON TECHNOLOGY 
A f t e r  f i t t i n g  t e c h n o l o g y  i n t o  t h r e e  c o n c e p t u a l i z a t i o n s  
of  t h e  food s y s t e m ,  I  would s a y  t h e  f o l l o w i n g  a b o u t  t h e  gen- 
e r a l  problem o f  f i t t i n g  techno1og.y i n t o  r e p r e s e n t a t i o n s :  
A :  Look a t  t e c h n o l o g i c a l  change  i n  a  s y s t e m s  con- 
t e x t .  --- Don' t  r e d u c e  t e c h n o l o g i c a i  change t o  change i n  
t h e  i n p u t  o u i p u t  r e l a t i o n s h i p s  o f  p r o d u c t i o n  f u n c t i o n s .  
T e c h n o l o g i c a l  change h a s  much b r o a d e r  e f f e c t s .  Over 
t h e  long  t e r m ,  t e c h n o l o g y  may i n f l u e n c e  t h e  sys tem more 
th rough  i t s  i n f l u e n c e  on demand ( e . g . ,  m e d i c a l  t e c h n o l -  
ogy i n c r e a s i n g  p o p u l a t i o n  growth o r  med ica l  knowlege 
i n f l u e n c i n g  p e o p l e ' s  food t a s t e s  and p r e f e r e n c e s ) ,  on 
r e s o u r c e  h e a l t h  ( a s  i n  i r r i g a t i o n  t e c h n o l o g i e s  l e a d i n g  
t o  s a l i n i z a t i o n  o r  t o  d e p l e t i o n  o f  ground w a t e r ) ,  on 
r e s t o r a t i o n  o f  r e s o u r c e  h e a l t h  ( e . g . ,  development  of  
improved c o v e r  c r o p s ) ,  on a b i l i t y  t o  a b s o r b  l a b o r  
( e . g . ,  " a p p r o p r i a t e  t e c h n o l o g y " )  and e q u i t a b l y  d i s t r i -  
b u t e  t h e  b e n e f i t s  of  l a b o r ,  and d o z e n s  o f  o t h e r  f a c t o r s  
t h a n  t h r o u g h  i t s  d i r e c t  i n f l u e n c e  on y i e l d s .  
B: Do look  f o r  m u l t i p l e  e f f e c t s  o f  s p e c i f i c  t e c h -  
nologies:- I n  p a r t i c u l a r ,  look  what t e c h n o l o g i e s  do  t o  
t h e  s o i l ,  t o  human h e a l t h  ( e g .  i r r i g a t i o n  s y s t e m s  may 
l e a d  t o  i n c r e a s e d  i n c i d e n c e  o f  b a l h a r z i a ,  d r a i n a g e  sys -  
tems may h e l p  c o n t r o l  m a l a r i a ) ,  t o  income d i s t r i b u t i o n ,  
and t o  use o f  time ( i n c l u d i n g  whether  t h e y  e n c o u r a g e  o r  
d i s c o u r a g e  p a r t i c i p a t i o n  o f  women and/or  c h i l d r e n  i n  
p r o d u c t i o n ) .  
C :  When l o o k i n g  f o r  t e c h n o l o g i c a l  f i x e s  ( i . e . ,  
ways t h a t  t e c h n o l o g y  can h e l p  g e t  a  sys tem o u t  o f  i t s  
problem) d o n ' t  l o c k  your a t t e n t i o n  o n t o  t h e  o b v i o u s  
f a c t o r s  ( e . g . ,  i n c r e a s i n g  p r o d u c t i v i t y  and d e c r e a s i n g  
f o s s i l  f u e l  i n p u t s ) .  Technology h a s  power fu l  i n f l u -  
e n c e s  on demand, on i n f o r m a t i o n  f l o w s ,  on income d i s -  
t r i b u t i o n ,  on s o c i a l  v a l u e s  and on sys tem r e s i l i e n c e .  
I n  many c a s e s  t h e s e  s i d e  e f f e c t s  may have g r e a t e r  l e v -  
e r a g e  f o r  c h a n g i n g  sys tem b e h a v i o r  t h a n  t h e  more obvi-  
o u s  t e c h n o l o g i c a l  means. 
D: Do n o t  e x p e c t  t o  be a b l e  t o  model 
e v e r y t h i n g  ... and do  n o t  d e c e i v e  y o u r s e l f  i n t o  b e l i e v i n g  
t h a t  t h e  t h i n g s  you can model a r e  t h e  most i m p o r t a n t  
t h i n g s .  T e c h n o l o g i c a l  change i s  v e r y  d e e p l y  t i e d  up 
wi th  s o c i a l  and p o l i t i c a l  change.  F a c t o r s  such a s  
c r e d i t  a v a i l a b i l i t y ,  a b i l i t y t o  f o s t e r  c o o p e r a t i o n  i n  
l a r g e - s c a l e  p r o j e c t s ,  a b i l i t y  t o  m o t i v a t e  p e o p l e  t o  
u n d e r t a k e  a c t i o n s  w i t h  long- term e x t e r n a l  b e n e f i t s ,  and 
d e g r e e  t o  which p e o p l e  view t h e i r  s i t u a t i o n  w i t h  a  
p r a gma t i c ,  m a t e r i a l i s t i c  a t t i t u d e  a r e  c e n t r a l  t o  
changes  i n  a g r i c u l t u r a l  t e chno logy . ,  Allow y o u r s e l f  
p l e n t y  of  time t o  look a t  t h e  v a r i a b l e s  you c a n ' t  f i t  
i n t o  a  formal  model ,  and d o n ' t  f o r g e t  t h e m .  I would 
s a y ,  l e a v e  a t  l e a s t  h a l f  t h e  r e s e a r c h  budget  f o r  non- 
modeling a c t i v i t i e s ,  and make sure these non-modeling 
a c t i v i t i e s  f e e d  i n t o  t h e  modeling e f f o r t .  
In  l i g h t  o f  t h e  g r e a t  e x t e n t  t o  which t e c h n o l o g i c a l  
change i n  a g r i c u l t u r e  i s  l i n k e d  w i t h  s o c i a l  and p o l i t i c a l  
change,  and i n  l i g h t  o f  t h e  l a r g e  number o f  ways i t  e f f e c t s  
a g r i c u l t u r a l  s y s t e m s ,  I would a lmos t  be tempted t o  s a y ,  f o r -  
g e t  t h e  word " t e chno logy" ,  l e t ' s  j u s t  t a l k  abou t  change,  
l e t ' s  j u s t  n o t e  ways i n  which any o f  t h e  r e l a t i o n s h i p s  i n  
o u r  model may va ry .  
A LARGER PICTURE: THE INTERACTION OF SYSTEMS 
The a c t u a l  g l o b a l  system does  n o t  f i t  any one  o f  t h e s e  
c o n c e p t u a l i z a t i o n s ;  i t  i s  a  m i x t u r e ;  and i t  c o n t a i n s  impor- 
t a n t  s t r u c t u r a l  e l e m e n t s  no t  i nc luded  i n  any o f  t h e  t h r e e  
c o n c e p t u a l i z a t i o n s  d e s c r i b e d  h e r e .  I n  t h e  r e a l  sy s t em,  d i f -  
f e r e n t  s t r u c t u r e s  o f t e n  e x i s t  s i d e  by s i d e :  r u b b e r ,  cocoa ,  
t e a  and c o f f e e  p l a n t a t i o n s ,  which l o o s e l y  f i t  t h e  b a l a n c e  of  
t r a d e  c o n c e p t u a l i z a t i o n ,  c o e x i s t  i n  t h e  t r o p i c s  w i th  both  
l abor -based  sys tems  and wi th  p r e c a r i o u s l y  ba lanced  c a r r y i n g  
c a p a c i t y  sys tems .  
T h e  c o n c e p t u a l i z a t i o n  behind t h e  c o n c e p t u a l i z a t i o n  i s  
how t h e s e  v a r i o u s  sys tems  l i v e  t o g e t h e r  on t h e  g l o b e ,  how 
t h e y  push each o t h e r  a round ,  and how t h e y  can work t o g e t h e r  
i n  m u t u a l l y  h e l p f u l  f a s h i o n s .  
Very o f t e n  now, c a r r y i n g  c a p a c i t y  and l a b o r  sys tems  
c o e x i s t  i n  ways t h a t  t e a r  each o t h e r  a p a r t .  I n e q u i t a b l e  
l a n d  d i s t r i b u t i o n  i n  h e a v i l y  popu l a t ed  sys tems  o f t e n  ends  
o u t  wi th  o u t m i g r a t i o n  t o  f o r e s t  o r  ma rg ina l  l a n d s .  T h i s  can 
be t h e  l a s t  s t r a w ,  s o  t o  speak ,  f o r  a  n o n - r e s i l i e n t  c a r r y i n g  
c a p a c i t y  sys tem.  S i m i l a r l y ,  t h e  d i s i n t e g r a t i o n  o f  a  c a r r y -  
i n g  c a p a c i t y  system may have u n f o r t u n a t e  e f f e c t s  on l a b o r -  
based s y s t ems ,  p a r t i c u l a r l y  w h e n  t h e  l a t t e r  a r e  downstream 
from t h e  fo rmer .  For example,  d e f o r e s t a t i o n  i n  t h e  
Himalayas l e a d s  t o  f l o o d i n g  and s i l t a t i o n  o f  wa te r  sys tems  
i n  Bangladesh,  I n d i a  and Indoch ina .  
Another common and unp l ea san t  consequence .  of  i n t e r a c -  
t i o n  between d i f f e r e n t  s o r t s  o f  a g r i c u l t u r a l  sys tems  i s  war- 
f a r e .  A t  l e a s t  a s  I unde r s t and  i t ,  a  l a r g e  p a r t  o f  t h e  t en -  
s i o n  between t h e  p e o p l e s  o f  Sou thea s t  As ia  i s  mutual  h a t r e d  
between t h e  l a b o r - i n t e n s i v e  v a l l e y  p e o p l e s  and l and  i n t e n -  
s i v e  ( c a r r y i n g  c a p a c i t y )  j u n g l e  f a r m e r s .  
Balance  of t r a d e  s y s t e m s  a r e  n o t  immune t o  t h e  mess 
e i t h e r .  I f  t h e  v e r y  l a r g e  p a r t  o f  t h e  e a r t h ' s  d r y  c r u s t  
t h a t  i s  c u l t i v a t e d  by l a n d - i n t e n s i v e  c a r r y i n g - c a p a c i t y  s y s -  
tems c o n t i n u e s  t o  e l i m i n a t e  i t s  f o r e s t  and g r a s s l a n d  c o v e r ,  
i t  w i l l  make an  immense c o n t r i b u t i o n  t o  a t m o s p h e r i c  c a r b o n  
d i o x i d e  l e v e l s ,  p e r h a p s  even more t h a n  i n d u s t r i a l  s y s t e m s  
c o n t r i b u t e  by b u r n i n g  f o s s i l  f u e l s .  On t h e  o t h e r  hand,  b a l -  
ance  of t r a d e  s y s t e m s  have  e x a c e r b a t e d  p r e s s u r e s  on c a r r y i n g  
c a p a c i t y  s y s t e m s  by g i v i n g  them t e c h n o l o g i e s  t h a t  i n c r e a s e  
p o p u l a t i o n  growth r a t e s  w h i l e  s i m u l t a n e o u s l y  t a k i n g  l a n d  
away from them and p u t t i n g  i t  i n t o  c u l t i v a t i o n  o f  commercial  
c r o p s  ( o r  u s e  a s  game r e f u g e s ,  o r  f enced- in  p a s t u r e ) .  The 
e n e r g y  s i t u a t i o n  i s  l i k e l y  t o  l e a 3  t o  f u r t h e r  p r e s s u r e  on 
c a r r y i n g - c a p a c i t y  s y s t e m s  by b a l a n c e  o f  t r a d e  s y s t e m s  f o r  
t h e  e q u a t o r i a l  r e g i o n s ,  where t r o p i c a l  f o r e s t  and g r a z i n g  
s y s t e m s  p r e v a i l ,  a r e  p o t e n t i a l l y  v e r y  good r e g i o n s  f o r  s o l a r  
e n e r g y  c o l l e c t i o n .  Both e n e r g y  p l a n t a t i o n  s y s t e m s  and l a r g e  
s c a l e  d e s e r t  l a n d s  s o l a r  c o l l e c t o r s  a r e  l i k e l y  i n  t h e  2 1 s t  
c e n t u r y .  
T h e r e  i s  much room f o r  s t u d y  of  t h e  way d i f f e r e n t  
human-ecologica l  s y s t e m s  i n t e r a c t  and how t h e i r  i n t e r a c t i o n  
can be made t o  work b e t t e r .  I f  t h i s  i s  u n d e r t a k e n ,  i t  i s  
i m p o r t a n t  t h a t  more time be a l l o c a t e d  t o  v e r b a l  e x p l o r a t i o n  
of  t h e  sys tem,  c a r e f u l  d e f i n i t i o n  o f  p rob lems ,  and communi- 
c a t i o n  a c t i v i t i e s  t h a n  t o  model ing .  The sys tem i s  f a r  t o o  
complex t o  a l l o w  p r e c i s e ,  d e t a i l e d  model ing .  Any a m b i t i o u s  
modeling e f f o r t  l o o k i n g  a t  t h i s  sys tem i s  g o i n g  t o  g e t  a l l  
t w i s t e d  around t h e  s y s t e m ' s  c o m p l e x i t y  and i s  u n l i k e l y  t o  
g e t  t o  t h e  p o i n t  of  t e l l i n g  u s  a n y t h i n g  a b o u t  how t h e  sys tem 
o p e r a t e s  and can  be made t o  o p e r a t e  b e t t e r .  
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